Cohort analysis of the numbers by age-group of Atlantic cod caught off southern Labrador and eastern Newfoundland during 1961-80 were used, together with certain assumptions on inshore migration of cod and the seasonal nature of the offshore and inshore fisheries, to estimate rates of inshore exploitation of the stock during 1961-76. The results indicated that during 1961-74 only a small proportion (about 5%) of the cod, which survived the offshore fishery each year, were actually caught in the inshore fishery in the same year, although the proportions were higher in 1975 and 1976. Factors affecting the annual inshore migration of cod and the estimation of inshore exploitation rates are discussed.
Introduction
The basic data used for th is analysis are the estimated numbers of cod by age-group in the nominal
Materials and Methods
For statistical and management purposes, the Labrador-East Newfoundland cod stock occupies the region composed of NAFO Divisions 2J, 3K and 3L, extending from southern Labrador to the northern part of the Grand Bank (Fig. 1) . In this paper, the technique of cohort analysis (Pope, 1972) is utilized, together with certain assumptions, to partition the fishery into offshore and inshore seasonal components and thus obtain "rates of inshore exploitation", which represent the actual numbers of fish caught in the inshore fishery relative to the numbers remaining in the population at the end of the offshore fishery in each year.
It has long been recognized that cod off Labrador and eastern Newfoundland undergo an annual cycle of inshore-offshore migrations (Templeman and Fleming, 1956; Templeman, 1962 Templeman, , 1965 Templeman, , 1966 Hodder, 1965) . This migration pattern was subsequently confirmed by extensive tagging studies (Templeman, 1979; . These cod live in deep warm-water areas of the continental shelf and slope during winter and early spring when the prespawning and spawning concentrations support a lucrative offshore fishery by otter trawlers. In the spring with the warming of surface water, they migrate to coastal waters where they support an inshore fishery by codtraps, line gears and gillnets. With the cooling of the water in autumn, the cod move progressively deeper and ultimately retreat to their overwintering areas on the continental shelf and slope, thus completing the annual cycle. In order to derive estimates of the rates of inshore population at the end of the offshore fishery. The calexploitation, it was necessary to calculate instantaneculations are based on the assumption that most of the ous fishing mortality rates by age-group for the offcod in the offshore fishery are taken during Januaryshore fishery and the numbers of cod remaining in the June in each year. , The instantaneous fishing mortality rate (FO(a,t)) the offshore fishery (i.e. 30 June) in each year (NO(a,t)) for each age-group a in the offshore fishery during the was calculated from the formula first half of year t (Table 38 ) was obtained by iteration NO(a,t) = N(a,t) exp(-(FO(a,t)+M/2)) (2) from 'the relationship FO(a,t)(1-exp(-(FO(a,t)+M/2))) CO(a,t) and the rate of inshore exploitation at age a in year t is (1) given by FO(a,t)+M/2 N(a,t)
where M =instantaneous (annual) natural mortality coefficient, which was assumed where CI(a,t) = number of cod at age a caught in the to be constant for all ages and years inshore fishery in year t.
and estimated to be about 0.2 (Pinhorn, 1975) ;
Results and Discussion CO(a,t) =catch in numbers at age a in the off-
The estimated rates of inshore exploitation (Table   shore fishery in year t;
4) by the method described above depend on two basic N (a.t) =numbers at age a in the population at assumptions: (a) the offshore and inshore fisheries the beginning of year t (i.e. beginning occur during January-June and July-December of of the offshore fishery).
each year respectively, and (b) the inshore migration of cod occurs instantaneously on 1 July in each year. To Having derived the matrix FO(a,t), the number of test the validity of the first assumption, the offshore cod at each age present in the population at the end of and inshore catches were summarized by month for (1974) with an overall average of 74 %. In fact, virtually the entire inshore catch throughout the 1961-79 period was taken during June-December. Unfortunately, the data base is not adequate to consider the problem by month and/or division, because the sampling data collected during the period do not allow the numbers caught by age-group to be derived by month and division for every year. It is obvious that the second assumption regarding migration is not valid because all cod migrating inshore do not do so on 1 July of each year. Data do not exist to measure the degree of deviation from this assumption, but the deviation should be minimal because inshore migration generally occurs rather quickly in June (Templeman, 1979) .
The basic assumption that all offshore fishing occurred before 1 July and all inshore fishing occurred after 30 June is violated to different degrees during the period under investigation. To evaluate the effect of such violations on the calculation of rates of inshore exploitation, the proportion (P) of the nominal catch of cod by the offshore fleet in January-June was assumed to be equal to the proportion of the numbers of cod caught by the offshore fleet (CO(t)) during the same period for all age-groups combined. Then
where FO' (t) = true offshore fish ing mortal ity rate for the January-June period.
Application of this equation to data for the worse year (1962) when only 53% of the offshore catch was taken in January-June indicated only an 8% difference in the calculated rates of inshore exploitation for all age-groups combined. Therefore, the violation of this assumption has no significant effect on the results of the analysis.
The "rate of inshore exploitation" used in this paper (Equation 3 ) is the ratio of the number of cod taken in the inshore fishery during July-December in year t to the number present at the end of the offshore fishery on 30 June in year t (Table 4) . It is not in fact the "true" rate of exploitation in the inshore fishery as usually defined (Ricker, 1975, p. 5) , because it can be easily shown that, if two fisheries on the same stock occur consecutively and if only a portion of the total stock is available to the second fishery (which closely approximates the situation described in this paper), the sum of the fishing mortalities and the sum of the rates of exploitation (calculated separately for each fishery in relation to the stock at the beginning of the year) both exceed the fishing mortality and the rate of exploitation relevant to the total fishery in that year. The true fishing mortality and the rate of exploitation for the inshore fishery in a given year must be calculated in relation to the stock present at the beginning of the inshore fishery in that year and not from the beginning of the calendar year. In this case, the "rate of inshore exploitation" is the product of the proportion of cod migrating to coastal waters (migration factor) and the proportion of those migrants which are actually caught in the inshore fishery (true rate of inshore exploitation) in a given year.
Average rates of inshore exploitation for each year (Table 4) do not include age-group 4 because of very low fishing mortalities for this age-group (Table 3) and the inherent bias associated with discarding of small fish, both having a disproportionate effect on the average rates due to the large numbers of age-group 4 fish in the population. The averages for age-groups 5-13 showed no significant trends during 1961-74 but increased substantially during 1975-76. These high values may have resulted from increased fishing mortality in coastal waters or increased rate of inshore migration or a combination of both, but no data exist to determine which of the two factors was more important.
Examination of the average rates by age-groups (Table 4 ) revealed a regular increase from age 5 to 13 (~== 0.97, P <0.001). It is well known that most fishing gears, including those used in the inshore fishery, exhibit a pattern of selectivity such that older fish up to a certain age are progressively more susceptible to capture than younger fish (Beverton and Holt, 1957) . Also, there is evidence that younger and smaller cod of the Labrador-East Newfoundland stock migrate to shallow coastal and bank areas as the surface and near-surface water becomes warmer in summer, whereas older and larger fish migrate to the fringes of the coastal shelves below the cold intermediate water layer (Templeman, 1979) . Therefore, the increasing trend in the averages with age may have resulted from a combination of differential selectivity and migration with age.
The "rate of inshore exploitation", as defined in this paper, is really a measure of success of fishing in coastal waters, in that it is the product of the proportion of cod migrating inshore and the proportion of the inshore population that is actually caught in the inshore fishery. The implication is that, on the average, at least 4.7% of the total population in the offshore area must have migrated inshore annually during 1961-74, but the upper limit may be 100 %. In fact, the estimates show that 17% or more of the stock migrated inshore in 1976 (Table 4 ).
The success of fishing in inshore waters in a given year, as measured by the rates of inshore exploitation, may be influenced by many factors (Templeman, 1966) . Among the most important of these are inshore fishing effort, cod biomass, capelin biomass and environmental conditions, chiefly temperature. For a given availability of cod in inshore waters, higher fishing effort results in higher catches. Also, the size of the cod biomass may affect the extent of inshore migration, the rate of migration varying with the level of biomass. For example, when abundance of cod is low, a larger proportion of the population could be sustained by the food supply in offshore areas and fewer would migrate to inshore waters in search of food. The main food of cod in summer is capelin (Mal/otus vil/osus) and the inshore migration of cod in early summer is presumed to be a feeding migration for capelin (Templeman, 1965) . Therefore, the abundance of capelin and the extent to which they migrate to inshore areas probably affect the success of the inshore fishery. Also, in the inshore areas of Div. 2J+3KL, cod are found in summer usually where water temperatures are 0°to 5°C (Templeman and May, 1965) . Therefore, the extent to which water of this temperature range exists in inshore areas probably influences the success of inshore fishing, but the effect is likely to be greater for codtraps than for gillnets and longlines. A detailed account of the effect of various factors on the success of the inshore fishery by various gears was given by Templeman (1966) . Akenhead at al. (1982) , using a gross index of inshore availability of cod during 1972-80 by dividing the inshore cod catch in a given year by the estimated biomass of cod at the beginning of the year, found that capelin biomass and temperature were significant variables influencing the availability of cod inshore. However, the authors had severe reservations about the interpretation of the correlation for a variety of reasons listed in their paper. Because estimates of capelin abundance before 1972 do not exist and the data series used in the present analysis extends only to 1976, no correlation of capelin biomass with rates of inshore exploitation was attempted in this paper.
In order to estimate the proportion of cod migrating to inshore waters each year from rates of inshore exploitation, it is necessary to know the ratio of the numbers of cod caught inshore to the numbers present in inshore waters. The traditional technique of calculating partial fishing mortalities from ratios of catches in the respective fisheries (ICES, 1981) is not applicable in this case because the fisheries generally do not overlap in time, and, in any case, only a portion of the cod remaining from the offshore fishery is available to the inshore fishery because not all cod migrate inshore. Therefore, some other means of estimating fishing mortalities for the inshore area must be found. One such method would be to tag cod on their shoreward migration at a time when it is reasonably certain that these are the cod which will contribute to the inshore fishery. Recaptures in the inshore fishery in the same year would provide the basis for estimating the proportion caught of the cod actually present in inshore waters. Migration rates could be calculated from these estimates and the rates of inshore exploitation derived for the tagging years from cohort analysis by the method outlined in this paper. Research along these lines is presently underway.
